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evolution	 (FIE)—but	which	have	 to	 date	 been	 ignored.	 For	 example,	
overlooked	within	the	context	of	FIE	is	the	likelihood	that	variation	in	
physiological	traits	could	make	some	individuals	within	species	more	















posed	 by	 fishing	 extends	 to	 immature	 life-	history	 stages,	 fishing	
selects	for	individuals	which	reproduce	at	an	earlier	age	(Ernande,	
Dieckmann,	&	Heino,	 2004;	Heino,	 1998;	 Jørgensen,	 Ernande,	&	









has	 shifted	 from	determining	whether	 or	 not	 FIE	 is	 occurring,	 to	
assessing	the	rate	at	which	these	changes	occur	and	the	potential	









study	of	 intraspecific	 variation	 in	behavioural	 traits	 has	 shown	 that	
differences	are	stable	over	time	and	across	contexts	(Bell,	Hankison,	
&	 Laskowski,	 2009;	Wolf	 &	Weissing,	 2012),	 in	 a	 diverse	 array	 of	
taxa	including	fishes	(Sih,	Bell,	&	Johnson,	2004).	Differences	in	be-
haviour	among	individuals	are	often	correlated	with	other,	more	cryp-
tic	 aspects	of	 an	 individual’s	 biology,	 from	physiological	 traits,	 such	
as	metabolic	phenotype	(Metcalfe,	Van	Leeuwen,	&	Killen,	2016),	to	
whole-	animal	measures	of	performance	and	 fitness	 (Biro	&	Stamps,	
















Physiological	 traits	 related	 to	 bioenergetics	 and	 swim	 perfor-
mance	are	especially	 likely	to	affect	the	probability	that	a	fish	will	
be	 captured	 by	 fishing	 gear	 or	 survive	 after	 escape.	 For	 example,	
minimum	metabolic	rate	(i.e.,	standard	metabolic	rate	in	ectotherms,	
SMR)	 is	 a	 heritable	 trait	 that	 shows	wide,	 repeatable	 intraspecific	
variation	 (Burton,	 Killen,	 Armstrong,	 &	 Metcalfe,	 2011;	 Rønning,	
Jensen,	Moe,	&	Bech,	2007).	SMR	influences	demand	for	food	and	
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&	McKenzie,	 2012;	 Marras	 et	al.,	 2015;	 Pörtner	 &	 Farrell,	 2008).	
In	 fishes,	 AS	 is	 also	 correlated	 with	 swimming	 endurance,	 maxi-
mum	sustainable	speed	and	recovery	rate	after	exhaustive	exercise	
(Killen,	Marras,	Steffenson	et	al.,	2012;	Marras,	Claireaux,	McKenzie,	





















brain	 size	 and	 morphology)	 show	 intraspecific	 variation	 (Kihslinger,	
Lema,	&	Nevitt,	2006)	and	have	also	been	found	to	correlate	with	the	
likelihood	of	a	 fish	expressing	behaviours	potentially	 related	 to	cap-
ture	vulnerability	(Burns	&	Rodd,	2008;	Wilson	&	McLaughlin,	2010),	
as	well	 as	 cognitive	 capacity	 and	 aspects	 of	 decision-	making	 in	 fish	
(Burns	&	Rodd,	2008).	These	latter	traits	relate	to	an	individual’s	ca-














in	 the	 context	of	FIE	 also	precludes	 the	development	of	 effective	




will	 help	 us	 understand	how	 selection	occurs	 at	 the	 interface	 be-
tween	 individual	 fish	and	fishing	gear	and	how	physiological	 traits	
could	determine	which	fish	are	captured	and	which	are	not.
2  | THE C APTURE PROCESS AND 
SELEC TION ON PHYSIOLOGIC AL TR AITS
There	is	great	diversity	in	fishing	gears	used	around	the	globe	by	the	





in	 fish	 that	 facilitate	 their	 capture.	 At	 one	 end	 of	 this	 continuum,	
passive	gears	depend	on	fish	to	find	the	deployed	gear,	depending	








Differences	 in	 capture	methods	may	 therefore	 give	 rise	 to	 differ-
ences	in	selectivity	and	how	that	selectivity	may	be	mitigated.





















Order Species Trait Heritability References
Physiology Stylommatophora Cornu aspersum Standard metabolic rate 0.33 Bruning	et	al.	(2013)
Orthoptera Gryllodes sigillatus Resting	metabolic	rate 0.14 Ketola	and	Kotiaho	(2009)
Active	metabolic	rate 0.72 Ketola	and	Kotiaho	(2009)
Squamata Thamnophis sirtalis Feeding	physiology 0.26 Burghardt,	Layne,	and	Konigsberg	(2000)
Passeriformes Ficedula hypoleuca Resting	metabolic	rate 0.43 Bushuev,	Kerimov,	and	Ivankina	(2010)
Taeniopygia guttata Basal	metabolic	rate 0.45 Mathot,	Martin,	Kempenaers,	and	Forstmeier	
(2013)
Carnivora Cyanistes caeruleus Resting	metabolic	rate 0.59 Nilsson,	Akesson,	and	Nilsson	(2009)
Mustela nivalis Resting	metabolic	rate 0.54 Szafranska,	Zub,	and	Konarzewski	(2007)
Rodentia Mus domesticus Basal	metabolic	rate 0.09 Dohm,	Hayes,	and	Garland	(2001)
Basal	metabolic	rate 0.38 Konarzewski,	Książek,	and	Łapo	(2013)






Cyprinodontiformes Heterandria formosa Temperature tolerance 0.2 Doyle,	Leberg,	and	Klerks	(2011)
Poecilia reticulata Sensitivity	to	light 0.36 Endler,	Basolo,	Glowacki,	and	Zerr	(2001)
Gasterosteiformes Gasterosteus aculeatus Burst	swimming 0.41 Garenc,	Silversides,	and	Guderley	(1998)
Perciformes Dicentarchus labrax Stress	responsiveness 0.08 Volckaert	et	al.	(2012)
0.34 Vandeputte	et	al.	(2016)
Maximum	swim	speed 0.48 Vandeputte	et	al.	(2016)
Oreochromis niloticus Temperature tolerance 0.09 Charo-	Karisa,	Rezk,	Bovenhuis,	and	Komen	
(2005)
Stegastes partitus Swimming	stamina 0.21 Johnson,	Christie,	and	Moye	(2010)
Salmoniformes Salvelinus fontinalis Stress	responsiveness 0.6 Crespel,	Bernatchez,	Garant,	and	Audet	(2011)
Salvelinus namaycush Depth	regulation 0.58 Ihssen	and	Tait	(1974)
Salmo salar Stress	responsiveness 0.23a Fevolden,	Roed,	Fjalestad,	and	Stien	(1999)
Behaviour Cyprinodontiformes	
(fi)








Perciformes Archocentrus siquia Boldness 0.37 Mazué,	Dechaume-	Moncharmont,	and	Godin	
(2015)
Exploration 0.3 Mazue	et	al.	(2001)





Salmoniformes Oncorhynchus kisutch Spawning	date 0.44 Neira	et	al.	(2006)









































































depth	attainable	by	 individual	 fish,	 or	 the	amount	of	 time	 fish	 spend	
at	a	given	depth,	and	so	give	rise	to	intraspecific	differences	in	vertical	
habitat	use	 (Cosgrove,	Arregui,	Arrizabalaga,	Goni,	&	Sheridan,	2014;	
Quayle,	 Righton,	 Hetherington,	 &	 Pickett,	 2009;	 Vaudo	 et	al.,	 2014),	
with	implications	for	whether	individuals	are	available	to	gears	deployed	




hypothalamic–pituitary–interrenal	 axis	 to	 stressors	 (Belanger,	Peiman,	
Vera-	Chang,	Moon,	&	Cooke,	2017)	emphasizing	potential	for	spatially	
structured	fisheries	to	select	for	stress	responsiveness	(Table	1).



















Importantly,	 the	drivers	 of	 these	behavioural	 differences	may	be	
linked	with	 underlying	 physiological	 traits,	 at	 least	 in	 some	 contexts	
(Biro	&	Stamps,	2010;	Killen,	Marras,	Metcalfe,	McKenzie,	&	Domenici,	
2013).	 Fish	 that	 are	more	 active	 and	 exploratory,	 for	 example,	 have	
also	 been	 shown	 to	 have	 lower	 hypothalamus–interrenal–pituitary	
and	 parasympathetic	 reactivity	 (Øverli,	 Sørensen,	 &	 Nilsson,	 2006;	























more	 readily	 than	 others	 (Diaz	 Pauli,	 Wiech,	 Heino,	 &	 Utne-	Palm,	
2015;	Thomsen,	Humborstad,	&	Furevik,	2010).	This	could	depend	on	
a	number	of	physiological	 factors,	 including	physiological	 traits	 that	
underlie	decision-	making	and	risk	assessment	(Andersen,	Jørgensen,	



























(Lennox	 et	al.,	 2017),	 we	 are	 unaware	 of	 empirical	 work	 directly	
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ties	of	 fish	within	 their	 immediate	vicinity,	potentially	exaggerating	






Avoidance	 of	 active	 gears	 also	 shows	 interesting	 parallels	 with	


















bolder	 individuals	 are	 apparently	 harvested	 from	populations	more	
frequently	owing	 to	 their	 increased	vulnerability	 to	capture.	This	 is	
corroborated	by	observations	that	fish	populations	subjected	to	rec-
reational	 fishing	 pressure	 also	 exhibit	 lower	 RMR	 than	 populations	
with	no	fishing	pressure	(Hessenauer	et	al.,	2015).


























It	 is	unknown	whether	 the	metabolic	costs	of	prior	 feeding	and	
digestion	affect	vulnerability	 to	capture	via	 reductions	 in	swimming	
































aerobic	 metabolic	 capacity,	 reaction	 distances	 and	 fish	 respon-
siveness	(Claireaux,	Couturier,	&	Groison,	2006;	Killen,	Nati	et	al.,	
2015;	Killen,	Reid,	Marras,	&	Domenici,	2015;	Winger	et	al.,	2004,	
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a	 reduced	 selective	 impact	 at	 cold	 temperatures,	 when	 a	 higher	
proportion	of	the	population	cannot	escape.	A	similar	mechanism	
could	occur	at	the	higher	end	of	the	thermal	range	within	species,	
where	 some	 individuals	 will	 begin	 to	 exhibit	 decreased	 perfor-
mance	due	 to	warming.	Harvest-	associated	selection	 is	 therefore	
likely	to	be	highly	dependent	on	how	the	environment	modulates	
links	between	physiological	traits	and	the	escape	ability	of	individ-
ual	 fish.	 Finally,	 there	 is	wide	 intraspecific	 variation	 in	 stress	 re-
sponsiveness	within	fish	species	(Höglund	et	al.,	2005;	Pankhurst,	





gears	 like	 traps	 can	 induce	 a	 stress	 response	 from	 confinement	
(Colotelo	et	al.,	2013).	During	 recovery	 from	these	stressors,	 fish	
may	be	more	vulnerable	to	predation	or	less	likely	to	forage	or	par-
ticipate	 in	 reproductive	 activities	 (Winberg	 &	 Thörnqvist,	 2016).	
There	is	some	evidence	that	increased	AS	may	facilitate	faster	re-
covery	from	acute	stress	(Killen	et	al.,	2014),	but	much	more	infor-
mation	 is	needed	 in	 this	area.	Overall,	mortality	occurring	 in	 fish	
postescape	 from	 fishing	gears	 could	 constitute	 another	potential	
avenue	for	selection	on	physiological	traits	to	occur.
3  | CONSEQUENCES OF SELEC TION ON 
PHYSIOLOGIC AL TR AITS BY FISHERIES
3.1 | Understanding the mechanisms and extent of 
FIE
As	 long	as	we	are	without	a	greater	understanding	of	 the	role	of	
individual	 physiological	 traits	 in	 selective	 processes,	we	will	 lack	
a	mechanistic	 understanding	 of	 how	 FIE	 actually	 works.	 Is	 body	
size	the	primary	determinant	of	which	fish	get	captured	and	which	
do	not,	or	are	there	more	cryptic	underlying	physiological	factors	
that	 are	 related	 to	 these	 effects?	Does	 the	majority	 of	 selection	
and	evolutionary	change	occur	in	response	to	capture	mechanisms,	
or	are	there	more	nuanced	effects	stemming	from	increased	mor-
tality	 with	 effects	 on	 behaviour	 and	 physiological	 traits?	 (Duffy	
et	al.,	 2013;	 Jørgensen	&	Fiksen,	2010;	 Jørgensen	&	Holt,	 2013).	
Even	in	cases	where	body	size	or	behaviour	are	the	direct	targets	




physiological,	 behavioural,	morphological	 and	 life-	history	 charac-
ters	 (Salinas	 et	al.,	 2012).	 For	 example,	 energy	 allocation	 within	
fish	is	inherently	linked	to	an	individual’s	metabolic	traits,	as	SMR	
will	determine	the	amount	of	acquired	resources	available	 for	 in-
vestment	 in	 physiological	 functions	 beyond	 basic	 maintenance.	
Differences	among	 individuals	 in	surplus	energy	may	manifest	as	
differences	in	morphology,	body	size	and	performance,	which	are	
thought	 to	 targets	 of	 harvest-	associated	 selection	 (Enberg	 et	al.,	
2012).	For	example,	increase	in	liver	or	reproductive	organ	size	as	




2005)	can	 increase	fish	width	relative	 to	 its	 length,	 increasing	 its	
likelihood	of	 retention	 in	 the	mesh	of	 trawls	and	gillnets	 (Enberg	
et	al.,	2012).	These	changes	in	fish	morphology	can	also	be	accom-
panied	with	reductions	in	swim	performance	(Ghalambor,	Reznick,	





























aid	 in	 identifying	 the	 heritable	 component	 of	 the	 traits	 that	 have	
been	observed	to	shift.	If	the	traits	under	selection	are	not	heritable,	











netic	 variation	 that	 could	 allow	different	 evolutionary	 trajectories	
through	 genotype-	by-	environment	 interactions	 (Nussey,	 Wilson,	








rectly.	Determining	 the	 influence	of	plasticity	 in	FIE	 is	 challenging	
but	studying	the	role	of	physiology	in	selective	processes	will	be	key	
in	gaining	a	full	appreciation	of	these	effects.
3.2 | Understanding environmental modulation of 
FIE and responses to environmental change
The	interplay	between	fish	physiology	and	FIE	will	also	have	com-
plex	 interactions	 with	 environmental	 factors.	 Factors	 such	 as	
temperature	 and	 oxygen	 availability	 have	 strong	 effects	 on	 fish	
physiology	 (Claireaux	 &	 Lefrancois,	 2007;	 Fry,	 1971).	 As	 a	 result,	
certain	physiological	traits	could	become	more	or	less	important	for	
capture	vulnerability	depending	on	environmental	conditions	(Killen	
et	al.,	 2013).	 In	 addition,	 individuals	 vary	 in	 sensitivity	 to	 factors	
such	as	temperature,	oxygen	availability	and	food	deprivation	(Biro,	
Beckmann,	&	Stamps,	2010;	Killen,	Marras,	Rayan	et	al.,	2012;	Killen	








may	 be	 completely	 different	 to	 those	most	 vulnerable	 under	 an-
other	environment	due	 to	 individual	 variation	 in	 the	physiological	
reaction	norms	to	changing	environmental	conditions.
Phenotypic	plasticity	in	response	to	environmental	factors	may	
also	alter	 the	degree	of	variation	 in	vulnerability	among	 individual	
fish	within	 a	population	and	potentially	 links	between	 susceptibil-


















ponent	of	 any	physiological	 traits	under	 selection	could	also	 change	
across	 environmental	 conditions.	 For	 example,	 it	 has	 been	 revealed	






size	 can	 decrease	with	 time,	 due	 to	 stronger	 environmental	 effects	
with	age	 (Crespel	et	al.,	2013;	Garant,	Dodson,	&	Bernatchez,	2003;	


















on	 how	 they	 are	 able	 to	 respond	 to	 environmental	 change	 (Brown,	
Hobday,	Ziegler,	&	Welsford,	2008;	Enberg	et	al.,	2009;	Kuparinen	&	











by	 FIE	 may	 underlie	 this	 uncertainty.	 Reduced	 rates	 of	 population	
increase	are	at	least	partially	caused	by	demographic	shifts,	reduced	
fecundity	among	individuals	or	altered	food-	web	structure,	but	these	
alone	do	not	 explain	 the	observed	 lack	of	 resilience	 among	overex-
ploited	and	collapsed	fish	stocks	(Kuparinen	&	Hutchings,	2012;	Marty,	
Dieckmann,	&	Ernande,	2015).	It	is	possible	that	altered	physiological	




     |  569HOLLINS et aL.
3.3 | Mitigation of selective effects
Attempts	 to	 alter	 fishing	 techniques	 to	minimise	harvest-	associated	
selection	are	extremely	difficult	to	design	and	implement	but	can	only	
be	 aided	by	 a	mechanistic,	 physiological	 understanding	of	 how	 fish	




















There	 may	 be	 a	 fundamental	 conflict	 in	 which	 attempts	 to	 reduce	
bycatch	by	 increasing	the	selectivity	of	gears	for	a	particular	species	
may	also	 increase	selectivity	within	a	species.	This	could	additionally	




However,	 increased	 knowledge	 of	 where	 the	 phenotypic	 ranges	 of	
among-	 and	within-	species	 diversity	 of	 specific	 traits	 related	 to	 vul-
nerability,	and	particularly	physiological	 traits,	will	be	key	 in	devising	
solutions	to	this	apparent	conflict.


















selection	 is	 relaxed.	 To	 date,	 the	majority	 of	 selection	 experiments	
have	solely	focused	on	the	effects	of	size-	selectivity	without	directly	
considering	vulnerability.	In	the	only	selection	study	to	examine	direct	

























et	al.,	 2017).	 Recent	 technological	 innovations	 in	 telemetry	 for	 the	
tracking	of	wild	 fish	and	remote	sensing	of	behavioural	and	physio-
logical	variables	(Hussey	et	al.,	2015)	are	set	to	enable	unprecedented	


























































constructive	 feedback	 on	 an	 earlier	 version	 of	 this	 article.	 SSK	 is	
supported	 by	 Natural	 Environment	 Research	 Council	 Advanced	
Fellowship	 NE/J019100/1	 and	 European	 Research	 Council	 start-




Davide Thambithurai  http://orcid.org/0000-0002-0338-3778 
Barbara Koeck  http://orcid.org/0000-0001-7142-364X 













1Institute of Biodiversity, Animal Health and Comparative 
Medicine, University of Glasgow, Glasgow, UK
2Fish Ecology and Conservation Physiology Laboratory, Department 
of Biology and Institute of Environmental Science, Carleton University, 
Ottawa, ON, Canada
Correspondence
Shaun Killen, Institute of Biodiversity, Animal Health and Comparative 
Medicine, University of Glasgow, Glasgow, UK.
Email: shaun.killen@glasgow.ac.uk
R E FE R E N C E S
Alsop,	D.,	&	Wood,	C.	(1997).	The	interactive	effects	of	feeding	and	ex-
ercise	on	oxygen	consumption,	swimming	performance	and	protein	




Canadian Journal of Fisheries and Aquatic Sciences,	 62(3),	 643–649.	
https://doi.org/10.1139/f04-223
Andersen,	B.	S.,	Jørgensen,	C.,	Eliassen,	S.,	&	Giske,	J.	(2016).	The	prox-





Arlinghaus,	 R.,	 Laskowski,	 K.	 L.,	 Alós,	 J.,	 Klefoth,	 T.,	 Monk,	 C.	 T.,	
Nakayama,	S.,	&	Schröder,	A.	 (2017).	Passive	gear-	induced	timidity	
syndrome	 in	wild	 fish	 populations	 and	 its	 potential	 ecological	 and	
managerial	 implications.	Fish and Fisheries,	18(2),	360–373.	https://
doi.org/10.1111/faf.12176
Auer,	S.	K.,	Salin,	K.,	Anderson,	G.	J.,	&	Metcalfe,	N.	B.	(2015).	Aerobic	




     |  571HOLLINS et aL.
Evolution,	58,	 421–429.	 https://doi.org/10.1111/j.0014-3820.2004.
tb01657.x
Baktoft,	 H.,	 Jacobsen,	 L.,	 Skov,	 C.,	 Koed,	 A.,	 Jepsen,	N.,	 Berg,	 S.,	 …	
Svendsen,	 J.	 C.	 (2016).	 Phenotypic	 variation	 in	 metabolism	 and	
morphology	correlating	with	animal	swimming	activity	in	the	wild:	
Relevance	for	the	OCLTT	(oxygen-	and	capacity-	limitation	of	ther-
mal	 tolerance),	 allocation	 and	 performance	models.	Conservation 
Physiology,	4(1),	cov055.	https://doi.org/10.1093/conphys/cov055
Belanger,	C.,	Peiman,	K.	S.,	Vera-Chang,	M.,	Moon,	T.,	&	Cooke,	S.	J.	
(2017).	 Pumpkinseed	 sunfish	 (Lepomis gibbosus)	 from	 littoral	 and	
limnetic	 habitats	 differ	 in	 stress	 responsiveness	 independent	 of	
environmental	complexity	and	presence	of	conspecifics.	Canadian 
Journal of Zoology,	 95(3),	 193–202.	 https://doi.org/10.1139/
cjz-2016-0202









large	 pelagic	 sharks.	 In	 P.	 Domenici	 &	 D.	 Kapoor	 (Eds.),	 Fish loco-
motion—an etho-ecological perspective	 (pp.	 436–483).	 Enfield,	 NH:	
Science	Publishers.
Biro,	 P.	A.,	 Beckmann,	C.,	&	 Stamps,	 J.	A.	 (2010).	 Small	within-	day	 in-
creases	 in	 temperature	 affects	 boldness	 and	 alters	 personality	 in	
coral	reef	fish.	Proceedings of the Royal Society B: Biological Sciences,	
277(1678),	71–77.	https://doi.org/10.1098/rspb.2009.1346
Biro,	P.	A.,	&	Post,	J.	R.	(2008).	Rapid	depletion	of	genotypes	with	fast	
growth	 and	 bold	 personality	 traits	 from	 harvested	 fish	 popula-
tions.	Proceedings of the National Academy of Sciences of the United 
States of America,	 105(8),	 2919–2922.	 https://doi.org/10.1073/
pnas.0708159105
Biro,	P.	A.,	&	Stamps,	 J.	A.	 (2008).	Are	animal	personality	 traits	 linked	
to	life-	history	productivity?	Trends in Ecology & Evolution,	23(7),	361–
368.	https://doi.org/10.1016/j.tree.2008.04.003
Biro,	P.	A.,	&	Stamps,	J.	A.	 (2010).	Do	consistent	 individual	differences	
in	metabolic	 rate	 promote	 consistent	 individual	 differences	 in	 be-
havior?	 Trends in Ecology & Evolution,	 25(11),	 653–659.	 https://doi.
org/10.1016/j.tree.2010.08.003
Blanchard,	 G.,	 Druart,	 X.,	 &	 Kestemont,	 P.	 (2005).	 Lipid	 content	
and	 fatty	 acid	 composition	 of	 target	 tissues	 in	 wild	 Perca	 flu-
viatilis	 females	 in	 relation	 to	 hepatic	 status	 and	 gonad	 mat-









the	land	snail	Cornu	aspersum.	Physiological and Biochemical Zoology,	
86,	538–546.	https://doi.org/10.1086/672092
Burghardt,	G.	M.,	Layne,	D.	G.,	&	Konigsberg,	L.	(2000).	The	genetics	of	
dietary	 experience	 in	 a	 restricted	natural	 population.	Psychological 
Science : A Journal of the American Psychological Society / APS,	 11,	
69–72.	https://doi.org/10.1111/1467-9280.00217
Burns,	 J.	G.,	&	Rodd,	 F.	H.	 (2008).	Hastiness,	 brain	 size	 and	predation	
regime	affect	the	performance	of	wild	guppies	in	a	spatial	memory	
task.	 Animal Behaviour,	 76(3),	 911–922.	 https://doi.org/10.1016/j.
anbehav.2008.02.017
Burton,	T.,	Killen,	S.	S.,	Armstrong,	J.	D.,	&	Metcalfe,	N.	B.	(2011).	What	
causes	 intraspecific	 variation	 in	 resting	 metabolic	 rate	 and	 what	
are	 its	ecological	consequences?	Proceedings of the Royal Society B: 
Biological Sciences,	278(1724),	3465–3473.	https://doi.org/10.1098/
rspb.2011.1778




Careau,	 V.,	 &	Garland,	 T.	 Jr	 (2012).	 Performance,	 personality,	 and	 en-
ergetics:	 Correlation,	 causation,	 and	 mechanism.	 Physiological and 
Biochemical Zoology,	85(6),	543–571.	https://doi.org/10.1086/666970
Charo-Karisa,	 H.,	 Rezk,	 M.	 A.,	 Bovenhuis,	 H.,	 &	 Komen,	 H.	 (2005).	




European	 sea	 bass	 (Dicentrarchus labrax).	 Journal of Experimental 
Biology,	209(17),	3420–3428.	https://doi.org/10.1242/jeb.02346
Claireaux,	 G.,	 &	 Lefrancois,	 C.	 (2007).	 Linking	 environmental	 vari-
ability	 and	 fish	 performance:	 Integration	 through	 the	 concept	 of	




erences.	Proceedings of the Royal Society B- Biological Sciences,	282,	
20143108.	https://doi.org/10.1098/Rspb.2014.3108
Colotelo,	A.	H.,	 Raby,	G.	D.,	Hasler,	 C.	 T.,	Haxton,	 T.	 J.,	 Smokorowski,	
K.	 E.,	 Blouin-Demers,	G.,	&	Cooke,	 S.	 J.	 (2013).	Northern	pike	by-
catch	 in	 an	 inland	 commercial	 hoop	 net	 fishery:	 Effects	 of	 water	
temperature	 and	 net	 tending	 frequency	 on	 injury,	 physiology,	 and	
survival.	 Fisheries Research,	 137,	 41–49.	 https://doi.org/10.1016/j.
fishres.2012.08.019
Conover,	D.	O.,	&	Baumann,	H.	(2009).	The	role	of	experiments	in	under-
standing	 fishery-	induced	 evolution.	 Evolutionary Applications,	 2(3),	
276–290.	https://doi.org/10.1111/j.1752-4571.2009.00079.x
Conover,	D.	O.,	&	Munch,	S.	B.	 (2002).	Sustaining	fisheries	yields	over	
evolutionary	 time	 scales.	 Science,	 297(5578),	 94–96.	 https://doi.
org/10.1126/science.1074085
Cooke,	 S.	 J.,	 Suski,	 C.	D.,	Ostrand,	K.	G.,	Wahl,	D.	H.,	&	Philipp,	D.	 P.	
(2007).	Physiological	and	behavioral	consequences	of	long-	term	ar-
tificial	selection	for	vulnerability	to	recreational	angling	in	a	teleost	





Journal of Fisheries and Aquatic Sciences,	999,	1–7.
Cosgrove,	R.,	Arregui,	I.,	Arrizabalaga,	H.,	Goni,	N.,	&	Sheridan,	M.	(2014).	
New	insights	to	behaviour	of	North	Atlantic	albacore	tuna	(Thunnus 












brook	charr	Salvelinus	fontinalis	and	their	hybrids.	Journal of Fish Biology,	
79,	2019–2033.	https://doi.org/10.1111/j.1095-8649.2011.03149.x
572  |     HOLLINS et aL.
Dahle,	R.,	Taranger,	G.	L.,	Karlsen,	Ø.,	Kjesbu,	O.	S.,	&	Norberg,	B.	(2003).	
Gonadal	development	and	associated	changes	in	liver	size	and	sex-
ual	 steroids	 during	 the	 reproductive	 cycle	 of	 captive	male	 and	 fe-
male	Atlantic	 cod	 (Gadus morhua	 L.).	Comparative Biochemistry and 
















levels	of	plasma	 IGF-	I	during	 recovery	 from	size-	selective	harvest-
ing	in	Menidia	menidia.	Comparative Biochemistry and Physiology Part 
A: Molecular & Integrative Physiology,	 166(2),	 222–227.	 https://doi.
org/10.1016/j.cbpa.2013.06.001
Elliott,	 S.	A.,	 Turrell,	W.	R.,	Heath,	M.	R.,	&	Bailey,	D.	 (2017).	 Juvenile	
gadoid	 habitat	 and	 ontogenetic	 shift	 observations	 using	 stereo-	
video	baited	cameras.	Marine Ecology Progress Series,	568,	123–135.	
https://doi.org/10.3354/meps12068
Enberg,	 K.,	 Jørgensen,	 C.,	 Dunlop,	 E.	 S.,	 Heino,	M.,	 &	 Dieckmann,	 U.	
(2009).	Implications	of	fisheries-	induced	evolution	for	stock	rebuild-






Endler,	 J.	 A.,	 Basolo,	 A.,	 Glowacki,	 S.,	 &	 Zerr,	 J.	 (2001).	 Variation	 in	
response	 to	 artificial	 selection	 for	 light	 sensitivity	 in	 guppies	
(Poecilia reticulata).	 American Natulatist,	 158,	 36–48.	 https://doi.
org/10.1086/320862
Ernande,	 B.,	 Dieckmann,	 U.,	 &	 Heino,	 M.	 (2004).	 Adaptive	 changes	
in	 harvested	 populations:	 Plasticity	 and	 evolution	 of	 age	 and	 size	
at maturation. Proceedings of the Royal Society of London. Series B: 




and	genetic	correlations.	Journal of Fish Biology,	54,	900–910.	https://
doi.org/10.1111/j.1095-8649.1999.tb02040.x
Finstad,	 A.	 G.,	 Forseth,	 T.,	 Ugedal,	 O.,	 &	 Naesje,	 T.	 F.	 (2007).	
Metabolic	 rate,	 behaviour	 and	 winter	 performance	 in	 juvenile	










Fu,	 S.	 J.,	 Cao,	 Z.	 D.,	 Peng,	 J.	 L.,	 &	Wang,	 Y.	 X.	 (2008).	 Is	 peak	 post-
prandial	 oxygen	 consumption	 positively	 related	 to	 growth	 rate	
and	 resting	 oxygen	 consumption	 in	 a	 sedentary	 catfish	 Silurus	




fish,	Lucania	goodei.	Journal of Evolutionary Biology,	18(3),	516–523.	
https://doi.org/10.1111/j.1420-9101.2005.00886.x
Galloway,	 B.,	 &	Munkittrick,	 K.	 (2006).	 Influence	 of	 seasonal	 changes	
in	relative	liver	size,	condition,	relative	gonad	size	and	variability	 in	
ovarian	development	 in	multiple	spawning	 fish	species	used	 in	en-
vironmental	 monitoring	 programmes.	 Journal of Fish Biology,	 69(6),	
1788–1806.	https://doi.org/10.1111/j.1095-8649.2006.01249.x
Garant,	 D.,	 Dodson,	 J.	 J.,	 &	 Bernatchez,	 L.	 (2003).	 Differential	 repro-
ductive	 success	 and	heritability	 of	 alternative	 reproductive	 tactics	
in	wild	Atlantic	salmon	(Salmo salar	L).	Evolution,	57(5),	1133–1141.
Garenc,	C.,	Silversides,	F.	G.,	&	Guderley,	H.	(1998).	Burst	swimming	and	
its	enzymatic	correlates	 in	the	threespine	stickleback	 (Gasterosteus 
aculeatus):	 Full-	sib	 heritabilities.	Canadian Journal of Zoology- Revue 
Canadienne De Zoologie,	 76,	 680–688.	 https://doi.org/10.1139/
z97-236
Gervai,	 J.,	 &	 Csányi,	 V.	 (1985).	 Behavior-	genetic	 analysis	 of	 the	 para-
dise	fish,	Macropodus	opercularis.	I.	Characterization	of	the	behav-
ioral	 responses	 of	 inbred	 strains	 in	 novel	 environments:	 A	 factor	
analysis.	 Behavior Genetics,	 15,	 503–519.	 https://doi.org/10.1007/
BF01065447
Ghalambor,	C.	K.,	Reznick,	D.	N.,	&	Walker,	J.	A.	(2004).	Constraints	on	
adaptive	 evolution:	 The	 functional	 trade-	off	 between	 reproduc-
tion	and	fast-	start	swimming	performance	in	the	Trinidadian	Guppy	
(Poecilia reticulata).	The American Naturalist,	164(1),	 38–50.	 https://
doi.org/10.1086/421412
Giske,	J.,	Eliassen,	S.,	Fiksen,	Ø.,	Jakobsen,	P.	J.,	Aksnes,	D.	L.,	Jørgensen,	
C.,	 &	Mangel,	M.	 (2013).	 Effects	 of	 the	 emotion	 system	 on	 adap-







acoustic	split-	beam	tracking.	Canadian Journal of Fisheries and Aquatic 
Sciences,	62(10),	2409–2422.	https://doi.org/10.1139/f05-131
Hard,	J.	J.,	Gross,	M.	R.,	Heino,	M.,	Hilborn,	R.,	Kope,	R.	G.,	Law,	R.,	&	
Reynolds,	 J.	 D.	 (2008).	 Evolutionary	 consequences	 of	 fishing	 and	
their	 implications	 for	 salmon.	 Evolutionary Applications,	 1(2),	 388–
408.	https://doi.org/10.1111/j.1752-4571.2008.00020.x
Härkönen,	 L.,	 Hyvärinen,	 P.,	 Paappanen,	 J.,	 &	 Vainikka,	 A.	 (2014).	
Explorative	behavior	 increases	vulnerability	to	angling	 in	hatchery-	
reared brown trout (Salmo trutta).	Canadian Journal of Fisheries and 
Aquatic Sciences,	71(12),	1900–1909.
Heino,	M.	(1998).	Management	of	evolving	fish	stocks.	Canadian Journal 




reference	 points	 for	 fisheries	management?	 ICES Journal of Marine 
Science,	70(4),	707–721.	https://doi.org/10.1093/icesjms/fst077
Heino,	 M.,	 Díaz	 Pauli,	 B.,	 &	 Dieckmann,	 U.	 (2015).	 Fisheries-	induced	
evolution. Annual Review of Ecology, Evolution, and Systematics,	 46,	
461–480.	https://doi.org/10.1146/annurev-ecolsys-112414-054339
Heino,	M.,	&	Godø,	O.	R.	(2002).	Fisheries-	induced	selection	pressures	in	
the	context	of	sustainable	fisheries.	Bulletin of Marine Science,	70(2),	
639–656.
Hessenauer,	 J.	M.,	 Vokoun,	 J.	 C.,	 Suski,	 C.	 D.,	 Davis,	 J.,	 Jacobs,	 R.,	 &	
O’Donnell,	 E.	 (2015).	 Differences	 in	 the	 metabolic	 rates	 of	 ex-
ploited	and	unexploited	fish	populations:	A	signature	of	recreational	
     |  573HOLLINS et aL.
fisheries	induced	evolution?	PLoS ONE,	10(6),	e0128336.	https://doi.
org/10.1371/journal.pone.0128336
Höglund,	 E.,	 Weltzien,	 F.-A.,	 Schjolden,	 J.,	 Winberg,	 S.,	 Ursin,	 H.,	 &	
Døving,	 K.	 B.	 (2005).	 Avoidance	 behavior	 and	 brain	 monoamines	
in	 fish.	Brain Research,	1032(1),	104–110.	https://doi.org/10.1016/j.
brainres.2004.10.050
Hoskins,	 L.	 J.,	 Xu,	 M.,	 &	 Volkoff,	 H.	 (2008).	 Interactions	 between	
gonadotropin-	releasing	 hormone	 (GnRH)	 and	 orexin	 in	 the	 reg-
ulation	 of	 feeding	 and	 reproduction	 in	 goldfish	 (Carassius auratus).	




ing	fish,	the	common	carp	Cyprinus carpio. Journal of Fish Biology,	76(7),	
1576–1591.	https://doi.org/10.1111/j.1095-8649.2010.02582.x
Hurst,	 T.	 P.,	 Spencer,	 M.	 L.,	 Sogard,	 S.	 M.,	 &	 Stoner,	 A.	 W.	 (2005).	
Compensatory	 growth,	 energy	 storage	 and	 behavior	 of	 juvenile	
Pacific	 halibut	 Hippoglossus stenolepis	 following	 thermally	 induced	
growth	 reduction.	 Marine Ecology Progress Series,	 293,	 233–240.	
https://doi.org/10.3354/meps293233
Hussey,	N.	E.,	Kessel,	S.	T.,	Aarestrup,	K.,	Cooke,	S.	J.,	Cowley,	P.	D.,	Fisk,	
A.	T.,	…	Kocik,	 J.	F.	 (2015).	Aquatic	animal	 telemetry:	A	panoramic	
window into the underwater world. Science,	 348(6240),	 1255642.	
https://doi.org/10.1126/science.1255642
Ihssen,	 P.,	 &	 Tait,	 J.	 S.	 S.	 (1974).	 Genetic	 differences	 in	 retention	 of	
swimbladder	gas	between	two	populations	of	 lake	trout	 (Salvelinus 
namaycush).	 Journal of the Fisheries Research Board of Canada,	 31,	
1351–1354.	https://doi.org/10.1139/f74-159
Januchowski-Hartley,	 F.	A.,	Graham,	N.	A.,	Cinner,	 J.	 E.,	&	Russ,	G.	 R.	





tionary	 potential	 of	 marine	 fish	 larvae:	 Heritability,	 selection,	 and	
evolutionary	 constraints.	 Evolution,	 64,	 2614–2628.	 https://doi.
org/10.1111/j.1558-5646.2010.01027.x
Jørgensen,	 C.,	 Enberg,	 K.,	 Dunlop,	 E.	 S.,	 Arlinghaus,	 R.,	 Boukal,	 D.	 S.,	
Brander,	 K.,	 …	 Rijnsdorp,	 A.	 D.	 (2007).	 Managing	 evolving	 fish	
stocks.	 Science,	 318(5854),	 1247–1248.	 https://doi.org/10.1126/
science.1148089
Jørgensen,	 C.,	 Ernande,	 B.,	 &	 Fiksen,	 Ø.	 (2009).	 Size-	selective	 fish-
ing	 gear	 and	 life	 history	 evolution	 in	 the	 Northeast	 Arctic	
cod. Evolutionary Applications,	 2(3),	 356–370.	 https://doi.
org/10.1111/j.1752-4571.2009.00075.x
Jørgensen,	C.,	Ernande,	B.,	Fiksen,	Ø.,	&	Dieckmann,	U.	(2006).	The	logic	
of	skipped	spawning	in	fish.	Canadian Journal of Fisheries and Aquatic 
Sciences,	63(1),	200–211.	https://doi.org/10.1139/f05-210
Jørgensen,	C.,	&	Fiksen,	Ø.	(2010).	Modelling	fishing-	induced	adaptations	
and	consequences	for	natural	mortality.	Canadian Journal of Fisheries 
and Aquatic Sciences,	 67(7),	 1086–1097.	 https://doi.org/10.1139/
F10-049
Jørgensen,	C.,	&	Holt,	R.	E.	 (2013).	Natural	mortality:	 its	ecology,	how	
it	 shapes	 fish	 life	 histories,	 and	 why	 it	 may	 be	 increased	 by	 fish-







A.	 (2016).	 Individual	variation	 in	whole-	animal	hypoxia	 tolerance	 is	
associated	with	cardiac	hypoxia	tolerance	in	a	marine	teleost.	Biology 
Letters,	12(1),	20150708.	https://doi.org/10.1098/rsbl.2015.0708
Kekäläinen,	 J.,	 Podgorniak,	 T.,	 Puolakka,	 T.,	 Hyvärinen,	 P.,	 &	 Vainikka,	
A.	 (2014).	 Individually	 assessed	 boldness	 predicts	 Perca fluviatilis 
behaviour	in	shoals,	but	is	not	associated	with	the	capture	order	or	
angling	method.	Journal of Fish Biology,	85(5),	1603–1616.	https://doi.
org/10.1111/jfb.12516
Ketola,	 T.,	 &	 Kotiaho,	 J.	 S.	 (2009).	 Inbreeding,	 energy	 use	 and	 con-
dition. Journal of Evolutionary Biology,	 22,	 770–781.	 https://doi.
org/10.1111/j.1420-9101.2009.01689.x
Kihslinger,	 R.,	 Lema,	 S.	 C.,	 &	Nevitt,	 G.	 (2006).	 Environmental	 rearing	
conditions	 produce	 forebrain	 differences	 in	 wild	 Chinook	 salmon	
Oncorhynchus tshawytscha. Comparative Biochemistry and Physiology 
Part A: Molecular & Integrative Physiology,	145(2),	 145–151.	 https://
doi.org/10.1016/j.cbpa.2006.06.041
Killen,	S.	S.	(2014).	Growth	trajectory	influences	temperature	preference	
in	fish	through	an	effect	on	metabolic	rate.	Journal of Animal Ecology,	
83(6),	1513–1522.	https://doi.org/10.1111/1365-2656.12244
Killen,	S.,	Adriaenssens,	B.,	Marras,	S.,	Claireaux,	G.,	&	Cooke,	S.	(2016).	
Context	 dependency	 of	 trait	 repeatability	 and	 its	 relevance	 for	
management	 and	 conservation	 of	 fish	 populations.	 Conservation 
Physiology,	4(1),	cow007.	https://doi.org/10.1093/conphys/cow007
Killen,	S.	S.,	Atkinson,	D.,	&	Glazier,	D.	S.	(2010).	The	intraspecific	scal-




Mechanisms	 underlying	 individual	 variation	 in	 behavior,	 activity,	 and	
performance:	An	introduction	to	symposium.	Integrative and Comparative 
Biology,	57(2),	185–194.	https://doi.org/10.1093/icb/icx083
Killen,	 S.	 S.,	 Fu,	 C.,	 Wu,	 Q.,	 Wang,	 Y.	 X.,	 &	 Fu,	 S.	 J.	 (2016).	 The	 re-
lationship	 between	 metabolic	 rate	 and	 sociability	 is	 altered	 by	
food-deprivation.	 Functional Ecology,	 30,	 1358–1365.	 https://doi.
org/10.1111/1365-2435.12634
Killen,	 S.	 S.,	 Glazier,	 D.	 S.,	 Rezende,	 E.	 L.,	 Clark,	 T.	 D.,	 Atkinson,	 D.,	
Willener,	A.	S.,	&	Halsey,	L.	G.	(2016).	Ecological	influences	and	mor-
phological	correlates	of	resting	and	maximal	metabolic	rates	across	




taking	in	individual	juvenile	European	sea	bass.	Journal of Animal Ecology,	
80,	1024–1033.	https://doi.org/10.1111/j.1365-2656.2011.01844.x
Killen,	S.	S.,	Marras,	S.,	Metcalfe,	N.	B.,	McKenzie,	D.	J.,	&	Domenici,	P.	
(2013).	 Environmental	 stressors	 alter	 relationships	 between	 physi-
ology	and	behaviour.	Trends in Ecology & Evolution,	28(11),	651–658.	
https://doi.org/10.1016/j.tree.2013.05.005
Killen,	 S.	 S.,	Marras,	 S.,	 Nadler,	 L.,	 &	Domenici,	 P.	 (2017).	 The	 role	 of	
physiological	 traits	 in	 assortment	 among	 and	 within	 fish	 shoals.	






Killen,	 S.	 S.,	 Marras,	 S.,	 Steffensen,	 J.	 F.,	 &	 McKenzie,	 D.	 J.	 (2012).	
Aerobic	capacity	influences	the	spatial	position	of	individuals	within	







fish	 to	 capture	by	 trawling	 is	 influenced	by	 capacity	 for	 anaerobic	
metabolism.	Proceedings of the Royal Society B,	282,	20150603.






Fisheries Research,	 60(2–3),	 455–470.	 https://doi.org/10.1016/
S0165-7836(02)00114-5
Klefoth,	 T.,	 Pieterek,	 T.,	 &	 Arlinghaus,	 R.	 (2013).	 Impacts	 of	 domesti-
cation	 on	 angling	 vulnerability	 of	 common	 carp,	 Cyprinus carpio: 
The	 role	 of	 learning,	 foraging	 behaviour	 and	 food	 preferences.	
Fisheries Management and Ecology,	 20(2–3),	 174–186.	 https://doi.
org/10.1111/j.1365-2400.2012.00865.x
Klefoth,	T.,	Skov,	C.,	Kuparinen,	A.,	&	Arlinghaus,	R.	 (2017).	Towards	a	
mechanistic	 understanding	 of	 vulnerability	 to	 hook-and-line	 fish-
ing:	 Boldness	 as	 the	 basic	 target	 of	 angling-induced	 selection.	
Evolutionary Applications,	10,	994–1006.
Kobler,	 A.,	 Klefoth,	 T.,	 &	 Arlinghaus,	 R.	 (2008).	 Site	 fidelity	 and	 sea-
sonal	 changes	 in	 activity	 centre	 size	 of	 female	 pike	 Esox lucius in 
a	 small	 lake.	 Journal of Fish Biology,	 73(3),	 584–596.	 https://doi.
org/10.1111/j.1095-8649.2008.01952.x
Konarzewski,	 M.,	 Książek,	 A.,	 &	 Łapo,	 I.	 B.	 (2013).	 Artificial	 selection	
on	metabolic	 rates	 and	 related	 traits	 in	 rodents	 artificial	 selection	




trutta. Behavioral Ecology and Sociobiology,	68,	927–934.	https://doi.
org/10.1007/s00265-014-1705-z
Kuparinen,	 A.,	 &	 Hutchings,	 J.	 A.	 (2012).	 Consequences	 of	 fisheries-	
induced	evolution	for	population	productivity	and	recovery	poten-
tial. Proceedings of the Royal Society B: Biological Sciences,	279,	2571–
2579.	https://doi.org/10.1098/rspb.2012.0120
Laugen,	A.	T.,	Engelhard,	G.	H.,	Whitlock,	R.,	Arlinghaus,	R.,	Dankel,	D.	
J.,	 Dunlop,	 E.	 S.,	 …	Matsumura,	 S.	 (2014).	 Evolutionary	 impact	 as-




of Marine Science: Journal du Conseil,	 57(3),	 659–668.	 https://doi.
org/10.1006/jmsc.2000.0731
Law,	R.,	&	Grey,	D.	R.	(1989).	Evolution	of	yields	from	populations	with	








to	 angling	 capture	 in	 fish.	 Journal of Experimental Biology,	220(14),	
2529–2535.	https://doi.org/10.1242/jeb.150730
Marras,	 S.,	 Claireaux,	 G.,	 McKenzie,	 D.	 J.,	 &	 Nelson,	 J.	 A.	 (2010).	
Individual	variation	and	repeatability	in	aerobic	and	anaerobic	swim-
ming	performance	of	European	sea	bass,	Dicentrarchus labrax. Journal 













havioural	 traits.	 Heredity,	 111,	 175–181.	 https://doi.org/10.1038/
hdy.2013.35
Mazué,	G.	P.	F,	Dechaume-Moncharmont,	F.-X.,	&	Godin,	J-.G.J.	(2015).	
Boldness–exploration	 behavioral	 syndrome:	 Interfamily	 variabil-
ity	 and	 repeatability	 of	 personality	 traits	 in	 the	 young	of	 the	 con-




mance?	Journal of Fish Biology,	88,	298–321.	https://doi.org/10.1111/
jfb.12699
Millar,	R.,	&	Fryer,	R.	(1999).	Estimating	the	size-	selection	curves	of	towed	
gears,	traps,	nets	and	hooks.	Reviews in Fish Biology and Fisheries,	9(1),	
89–116.	https://doi.org/10.1023/A:1008838220001
Millidine,	 K.	 J.,	 Armstrong,	 J.	 D.,	 &	 Metcalfe,	 N.	 B.	 (2006).	
Presence	 of	 shelter	 reduces	 maintenance	 metabolism	 of	 ju-




in	 two	 freshwater	 benthivorous	 fish	 in	 the	 wild.	 PLoS ONE,	 12(3),	
e0173989.	https://doi.org/10.1371/journal.pone.0173989
Neira,	R.,	Diaz,	N.	F.,	Gall,	G.	A.	E.,	Gallardo,	J.	A.,	Lhorente,	J.	P.,	&	Alert,	









Nilsson,	 J.	 A.,	 Akesson,	 M.,	 &	 Nilsson,	 J.	 F.	 (2009).	 Heritability	
of	 resting	 metabolic	 rate	 in	 a	 wild	 population	 of	 blue	 tits.	








trout. Physiological and Biochemical Zoology,	85(6),	645–656.	https://
doi.org/10.1086/665982
Nussey,	 D.,	Wilson,	 A.,	 &	 Brommer,	 J.	 (2007).	 The	 evolutionary	 ecol-
ogy	 of	 individual	 phenotypic	 plasticity	 in	 wild	 populations.	
Journal of Evolutionary Biology,	 20(3),	 831–844.	 https://doi.
org/10.1111/j.1420-9101.2007.01300.x
Ollivier,	 H.,	 Marchant,	 J.,	 Le	 Bayon,	 N.,	 Servili,	 A.,	 &	 Claireaux,	 G.	
(2015).	 Calcium	 response	 of	 KCl-	excited	 populations	 of	 ven-
tricular	 myocytes	 from	 the	 European	 sea	 bass	 (Dicentrarchus 
labrax):	 A	 promising	 approach	 to	 integrate	 cell-	to-	cell	 heteroge-
neity	 in	 studying	 the	 cellular	 basis	 of	 fish	 cardiac	 performance.	








and	 low-	stress	 responsiveness.	 Journal of Experimental Biology,	
205(3),	391–395.
     |  575HOLLINS et aL.




Øverli,	Ø.,	Winberg,	 S.,	&	Pottinger,	 T.	G.	 (2005).	Behavioral	 and	neu-
roendocrine	 correlates	 of	 selection	 for	 stress	 responsiveness	 in	






Pankhurst,	N.	 (2011).	The	endocrinology	of	 stress	 in	 fish:	An	environ-





in	 cichlid	 fishes.	Molecular Ecology,	25(24),	 6012–6023.	https://doi.
org/10.1111/mec.13801
Philipp,	 D.	 P.,	 Cooke,	 S.	 J.,	 Claussen,	 J.	 E.,	 Koppelman,	 J.	 B.,	 Suski,	 C.	
D.,	 &	 Burkett,	 D.	 P.	 (2009).	 Selection	 for	 Vulnerability	 to	 Angling	
in	 Largemouth	 Bass.	 Transactions of the American Fisheries Society,	
138(1),	189–199.	https://doi.org/10.1577/T06-243.1
Pörtner,	 H.	 O.,	 &	 Farrell,	 A.	 P.	 (2008).	 Physiology	 and	 climate	
change.	 Science,	 322(5902),	 690–692.	 https://doi.org/10.1126/
science.1163156
Quayle,	 V.	 A.,	 Righton,	 D.,	 Hetherington,	 S.,	 &	 Pickett,	 G.	 (2009).	
Observations	of	the	behaviour	of	European	Sea	bass	(Dicentrarchus 
labrax)	in	the	North	Sea.	In	J.	L.	Nielsen,	H.	Arrizabalaga,	N.	Fragoso,	
A.	Hobday,	M.	Lutcavage,	&	J.	Sibert	 (Eds.),	Tagging and tracking of 
marine animals with electronic devices	 (pp.	 103–119).	 UK	 Crown:	
Springer.	https://doi.org/10.1007/978-1-4020-9640-2
Redpath,	 T.	 D.,	 Cooke,	 S.	 J.,	 Suski,	 C.	 D.,	 Arlinghaus,	 R.,	 Couture,	 P.,	
Wahl,	D.	H.,	&	Philipp,	D.	P.	(2010).	The	metabolic	and	biochemical	
basis	 of	 vulnerability	 to	 recreational	 angling	 after	 three	 genera-
tions	of	angling-	induced	selection	in	a	teleost	fish.	Canadian Journal 




zebra	finch.	Journal of Evolutionary Biology,	20(5),	1815–1822.	https://
doi.org/10.1111/j.1420-9101.2007.01384.x
Rose,	 C.S.	 (1995).	 Behavior	 of	 North	 Pacific	 groundfish	 encountering	
trawls:	Applications	to	reduce	bycatch.	 In	T.	Wray	 (Ed.),	Solving by-
catch: Considerations for today and tomorrow	 (pp.	 235–242).	 Alaska	




to	gill	nets.	Canadian Journal of Fisheries and Aquatic Sciences,	41(8),	
1252–1255.	https://doi.org/10.1139/f84-151
Salinas,	 S.,	 Perez,	 K.	 O.,	 Duffy,	 T.	 A.,	 Sabatino,	 S.	 J.,	 Hice,	 L.	 A.,	
Munch,	 S.	 B.,	 &	 Conover,	 D.	 O.	 (2012).	 The	 response	 of	 cor-
related	 traits	 following	 cessation	 of	 fishery-	induced	 selec-
tion. Evolutionary Applications,	 5(7),	 657–663.	 https://doi.
org/10.1111/j.1752-4571.2012.00243.x
Sampson,	D.	B.	 (2014).	Fishery	selection	and	 its	relevance	to	stock	as-
sessment	 and	 fishery	 management.	 Fisheries Research,	 158,	 5–14.	
https://doi.org/10.1016/j.fishres.2013.10.004
Schaefer,	 K.	M.,	 Fuller,	 D.	W.,	 &	 Block,	 B.	 A.	 (2007).	Movements,	 be-
havior,	and	habitat	utilization	of	yellowfin	 tuna	 (Thunnus albacares)	








and	 parental	 effects.	 Journal of Evolutionary Biology,	 23(8),	 1631–
1641.	https://doi.org/10.1111/j.1420-9101.2010.02028.x
Sih,	A.,	Bell,	A.,	&	Johnson,	J.	C.	(2004).	Behavioral	syndromes:	An	eco-
logical	 and	 evolutionary	 overview.	 Trends in Ecology & Evolution,	
19(7),	372–378.	https://doi.org/10.1016/j.tree.2004.04.009
Sims,	 D.	 W.,	 Wearmouth,	 V.	 J.,	 Southall,	 E.	 J.,	 Hill,	 J.	 M.,	 Moore,	 P.,	
Rawlinson,	 K.,	 …	 Metcalfe,	 J.	 D.	 (2006).	 Hunt	 warm,	 rest	 cool:	
Bioenergetic	 strategy	 underlying	 diel	 vertical	 migration	 of	 a	 ben-
thic	 shark.	 Journal of Animal Ecology,	 75(1),	 176–190.	 https://doi.
org/10.1111/j.1365-2656.2005.01033.x
Sólmundsson,	 J.,	 Jónsdóttir,	 I.	 G.,	 Björnsson,	 B.,	 Ragnarsson,	 S.	 Á.,	
Tómasson,	G.	G.,	&	Thorsteinsson,	V.	(2015).	Home	ranges	and	spa-
tial	segregation	of	cod	Gadus	morhua	spawning	components.	Marine 




catchability	of	a	recreationally	caught	marine	teleost.	ICES Journal of 
Marine Science,	72(8),	2512–2520.	https://doi.org/10.1093/icesjms/
fsv115
Stoner,	 A.	 (2004).	 Effects	 of	 environmental	 variables	 on	 fish	 feeding	
ecology:	Implications	for	the	performance	of	baited	fishing	gear	and	
stock	assessment.	Journal of Fish Biology,	65(6),	1445–1471.	https://
doi.org/10.1111/j.0022-1112.2004.00593.x
Szafranska,	P.	A.,	Zub,	K.,	&	Konarzewski,	M.	(2007).	Long-	term	repeat-
ability	of	body	mass	 and	 resting	metabolic	 rate	 in	 free-	living	wea-
sels,	 Mustela nivalis. Functional Ecology,	 21,	 731–737.	 https://doi.
org/10.1111/j.1365-2435.2007.01273.x
Thomsen,	B.,	Humborstad,	O.-B.,	&	Furevik,	D.	M.	(2010).	Fish	pots:	Fish	
behavior,	 capture	 process	 and	 conservation	 issues.	 In	 P.	 He	 (Ed.),	
Behavior of marine fishes: Capture processes and conservation chal-





haviour	of	a	teleost	fish?	Aquatic Conservation: Marine and Freshwater 
Ecosystems,	4,	789–796.
Underwood,	M.,	Winger,	P.	D.,	Fernö,	A.,	&	Engås,	A.	(2015).	Behavior-	
dependent	 selectivity	 of	 yellowtail	 flounder	 (Limanda ferruginea)	
in	 the	 mouth	 of	 a	 commercial	 bottom	 trawl.	 U.S. National Marine 





Uusi-Heikkilä,	 S.,	 Wolter,	 C.,	 Klefoth,	 T.,	 &	 Arlinghaus,	 R.	 (2008).	 A	
behavioral	 perspective	 on	 fishing-	induced	 evolution.	 Trends in 
Ecology & Evolution	 (Personal	 edition),	 23(8),	 419–421.	 https://doi.
org/10.1016/j.tree.2008.04.006





van	 Wijk,	 S.	 J.,	 Taylor,	 M.	 I.,	 Creer,	 S.,	 Dreyer,	 C.,	 Rodrigues,	 F.	 M.,	
Ramnarine,	I.	W.,	…	Carvalho,	G.	R.	(2013).	Experimental	harvesting	
of	 fish	populations	drives	genetically	based	shifts	 in	body	size	and	
maturation. Frontiers in Ecology and the Environment,	11(4),	181–187.	
https://doi.org/10.1890/120229
576  |     HOLLINS et aL.
Vaudo,	J.	J.,	Wetherbee,	B.	M.,	Harvey,	G.,	Nemeth,	R.	S.,	Aming,	C.,	Burnie,	
N.,	 …	 Shivji,	 M.	 S.	 (2014).	 Intraspecific	 variation	 in	 vertical	 habitat	
use	by	tiger	sharks	(Galeocerdo cuvier)	in	the	western	North	Atlantic.	
Ecology and Evolution,	 4(10),	 1768–1786.	 https://doi.org/10.1002/
ece3.1053
Verbeek,	 P.,	 Iwamoto,	 T.,	 &	 Murakami,	 N.	 (2008).	 Variable	 stress-	
responsiveness	in	wild	type	and	domesticated	fighting	fish.	Physiology & 
Behavior,	93(1),	83–88.	https://doi.org/10.1016/j.physbeh.2007.08.008
Volckaert,	 F.	 A.	 M.,	 Hellemans,	 B.,	 Batargias,	 C.,	 Louro,	 B.,	 Massault,	
C.,	 Van	Houdt,	 J.	 K.	 J.,	 …	 Canario,	 A.	 V.	M.	 (2012).	 Heritability	 of	
cortisol	 response	 to	 confinement	 stress	 in	 European	 sea	 bass	 di-
centrarchus	 labrax.	Genetics Selection Evolution,	44,	 15.	https://doi.
org/10.1186/1297-9686-44-15
Volkoff,	H.,	Xu,	M.,	MacDonald,	E.,	&	Hoskins,	L.	(2009).	Aspects	of	the	
hormonal	 regulation	of	 appetite	 in	 fish	with	 emphasis	 on	 goldfish,	
Atlantic	 cod	 and	winter	 flounder:	Notes	on	 actions	 and	 responses	
to	nutritional,	environmental	and	reproductive	changes.	Comparative 
Biochemistry and Physiology Part A: Molecular & Integrative Physiology,	
153(1),	8–12.	https://doi.org/10.1016/j.cbpa.2008.12.001
Walsh,	M.	R.,	Munch,	S.	B.,	Chiba,	S.,	&	Conover,	D.	O.	(2006).	Maladaptive	
changes	 in	 multiple	 traits	 caused	 by	 fishing:	 Impediments	 to	
population recovery. Ecology Letters,	 9(2),	 142–148.	 https://doi.
org/10.1111/j.1461-0248.2005.00858.x










of the Royal Society B: Biological Sciences,	 363(1497),	 1687–1698.	
https://doi.org/10.1098/rstb.2007.0003
Wilson,	A.	D.	M.,	 Binder,	 T.	 R.,	McGrath,	K.	 P.,	 Cooke,	 S.	 J.,	&	Godin,	
J.-G.	J.	(2011).	Capture	technique	and	fish	personality:	Angling	tar-
gets	 timid	 bluegill	 sunfish,	 Lepomis macrochirus. Canadian Journal 
of Fisheries and Aquatic Sciences,	 68(5),	 749–757.	 https://doi.
org/10.1139/f2011-019
Wilson,	A.	D.,	&	McLaughlin,	R.	L.	(2010).	Foraging	behaviour	and	brain	
morphology	 in	 recently	 emerged	 brook	 charr,	 Salvelinus fontinalis. 
Behavioral Ecology and Sociobiology,	64(11),	1905–1914.	https://doi.
org/10.1007/s00265-010-1002-4
Winberg,	S.,	&	Thörnqvist,	P.-O.	(2016).	Role	of	brain	serotonin	in	mod-
ulating	 fish	 behavior.	 Current Zoology,	 62(3),	 317–323.	 https://doi.
org/10.1093/cz/zow037
Winger,	P.	D.,	Eayrs,	S.,	&	Glass,	C.	(2010).	Fish	behaviour	near	bottom	
trawls.	 In	 P.	 He	 (Ed.),	 Behavior of marine fishes: Capture processes 




characteristics.	 ICES Journal of Marine Science: Journal du Conseil,	
61(7),	1179–1185.	https://doi.org/10.1016/j.icesjms.2004.07.015
Wolf,	M.,	&	Weissing,	F.	 J.	 (2012).	Animal	personalities:	Consequences	






Yanase,	 K.,	 Eayrs,	 S.,	 &	 Arimoto,	 T.	 (2009).	 Quantitative	 analysis	 of	
the	 behaviour	 of	 the	 flatheads	 (Platycephalidae)	 during	 the	 trawl	
capture	 process	 as	 determined	 by	 real-	time	 multiple	 observa-
tions.	 Fisheries Research,	 95(1),	 28–39.	 https://doi.org/10.1016/j.
fishres.2008.07.006
Ydenberg,	R.	C.,	&	Dill,	L.	M.	(1986).	The	economics	of	fleeing	from	pred-
ators.	 Advances in the Study of Behavior,	 16,	 229–249.	 https://doi.
org/10.1016/S0065-3454(08)60192-8
